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::tP 1),, . Ju co'mpounds containin~g alkyl,
,.has :en urnJertakon to obtain. f't.rther funde-

... .,t~ tt will be of value in determtining the procosses
lr u 1x orcanorv,',yh6ruc. compounds.

.ct p ,):-od'.ce neqative parent ions from these oPhoJiwis
u •ioiJ:-210 alph., particle source has been designed that

.:•,,cycAd in such •ttdie;.

"7C *,v p iV•: :.on ; scl.ctra have been obtained for O-et.yl-
.. .Tabun, GA) and chlorometbylphosphonic

,, to >.•bn wr:.au to purify some simple phosphorus conpoundE,
;cr r u ecrc.:trlc analyses.

-ru-o for study have been properly transferred and await

1 by eoth5" appearance potentlals-or clastograms
4 -n::, for the positivýo ions from O),O•-triethylphosphorothio-

ha te and metiyiythiophosphonlc dichloride.
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.1 ;ýTi.MI'.NT OF

-1,• w(-k wo inrtltej il l.oer (1) to obtain the mass ipctra, (2)
"to make energetic studies by appearance potential and clastvpam deteorin-
ations for both posltive and negative ions,, and (3) to form negative parent
rnoleule ions by bombardment of biologically active compounds containing
P, N, and S ',y means of a polonium-210 alpha particle source.

2. ,IA.CP•OUND

Preliminary investigations of organophosphorus compounds such as GB

6 •ad GD have indicated that these biologically active materials a* ionized
at low potentials W.. 11.5 ev) en.I that at electron energies bove about
15 ev there is significant fragmentation of the parent molecuLe positive
ion. However, the ionization and dissociation processes observed a" poor-
ly =nderstood, attributable lzrgely to : lack of fundamentl W.ormstIon
concerning :zmilar processes in simpler organophosphorus cmpounds. Be-
cause little or no information is available about the piNcesses in the
biologically active compounds, it is necessary to study both the simpler
and the more complex organophosphorus molecules.

The study of both the positive and the negative ions formed in the
ionization and dissociation jproceuses is important to urderstonding the

fragmentation routes. It has been reported that the G;-agents capture low
energy electrons to forn parent nwgative ions, but almst certainly other
negatively charged fragment ions will be formed with higher energy electrons
through dissociative electron attachment. No information is available about
negative ion clastograms which would indicate possible routes of fragment-
ation,

3, APPROACH TO THE PROBLEM

3..Materialt

The materials to be studied include GA, OF, C2, BP(C'!) 3 ,

parathion, methyl parathion, methyl acid phosphate, chlorodipjbal phosphinte,
benzenephosphorus oxychloride, benzonephosphorus dichloride, ,wd -hl~oo-
methylphosphonic dichloride.

3.2. EUioMent

The equipment items discussed In section 3.2 of Quarterly Progress
Report Number I were used to continue these studies. An additional Itm
not included in the previous report is the polonium-210 alos particle
source for the time-of-flight mass spectrometer. The liceani•reired to
handle polonium-210 has been approved by the appropriate A4/wM- ,thin the
State of Kansas and by the Kansas State University Rediatlsw Sa#4ty Co-mit-
tee. After the source hat been received, the Kansas Statei. 14$1ty
Safety Control Officer will conduct Wdpe tests around 00' .tt 3-6ntWh
intervals to ascertain any leakage of the radioactive iatiAoI-

7

peproducQd FrOPY
BO~tAvailale CoPY



c _n- v T_ c. r dc; ýL o "Z

* nc .~..:.;tthe2 emanatiflc alpha. part.icýe

5 T .. n. xesul±tant ~tvt

C-1 7, aoý thi.s it'ýem w1J.1 be $2 Q

4. -. J ~ ,~ A(abun, 0-0`thy>-
t--~ cornt-a!n sig 'an

.;~:..X'2 c;~. :.zov~a .n e, samnp~le c.1 GA on .2

~ ~ \~~4U ~ .ece~.t -0o

*~ ~ ~ ~ ~ ~ ~ ~ ~~ m E .' -*.j..* -; , dgewood Arsernai The
~~-co nK i-i z.,ane i nd p-1aced in tefreezer

tr~C-~~t ger.~rpreparatory to the necessary trans-

T., C:~u mx.;O aou-jcnt io ns in t- ,1e v -as s pctu
-y~c7 pF on,2i ~2e ro I tc6 -n Tabl.e I Of the .A Pandix.
c.. C S Sz :rtu~ c t ru Li~s compound with thatobaedp-

P I. &" 1 be dis--ussed be Iow.

im_7* .caa ;~~ Or CHI'41 has been idtnnied us-Ing-Ahe
zn-1 tiýL-r-1-logarithmic Iot ?)methods&. These rvsixlts'_ýifferwx~jr~~- ~ an whichwere ~eauate -sn only

. .~. ~ .~ -. ~0 "'. he t-an-,fcr vas ý;ried Out

a c~~ bj u~nc ~-~ 5~JC;O ry itroen.The resjits of hi
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n va o rpret;:ýu re to p e raitrer.

~~~~~~ riiir tSystenm 0.1 tile rna~ r. pctro-
r~u.u *~ ~ introiuced into the mass spectrometer'

j~it zý J . ior.."zaiton source.

r; V ý'LI ýýe chlorodiphenyl phosphine, chloro.-
n~Žposp'ucoxychioride, and benzarne-

jkxtrurn of each compound showed signi-f-
At ;.L.. c~e o purify these c-ubstances by mnean-,

rev. h. ~boen transferred into a sample
-1,ýYvest jation. A preliminary examin-

C, .Ll, 52r.i i- '-i* sG Gpectrum very s.'milar to '%he one
It. 0 .~i pi~:(;,A. `ht- principal pos itively- charged

.r*~ ~ ~~~~~~ * d r.te:us .. r;of GA are liý,tqd in 'able 2, but
†" ~sbet'.,-, ii-,de io oi;Lul. Oither' a clastogram or energetic data !,-.r

c:orduntl. th.o purli' o,' tho matez~ial has been established, There
r c.ýson to believe that tC.ho lons' ippearing at (n '/q values-of-42, 43, 44,

70 70 ) due I.,: or, r, or more I mpmu j t i vs rather than 'A---ing I Ormed from Gil
* .ep~tii2ar -eao - o thisa ,nment Is due to the very large yeliitive
.ntr~t;rof these ikoncs -L co; ~ o the parent and other ions In the

13 , s&1 tooIrum.

.2. OF ;&L

Abo-it one 4,1 of11 th,: liq jii .,a be(.[ Lransferred into sample Storage
:ý)Ulbs :nd stored Ththe freezer compartment of the G-agent refrigerator

,;,t t- can bcý studie mazs spectrometrically.

0,.00 OTrl.-ýhvl h~oir' io.t St- es

The. appearance potentia>l given in Table 1 represen~t date taken cnl-
*.:vr. h. enrycopnaio 'hridque. A more detailed ener~getit 4noly~is
"XsI~C~ded in order to supplem~ent the clastogram dataj thisywlu provide-i,

týŽ t of the proposed fraqimentat.ýon scheme given 'Ix urry ý~s
Report Number 1.
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-ýV a nd COO~t
A I ~ A p'r~~rof tthe two 't,

ýk ic .1 0C comp~outnd to (As'.ociat2 ilt-o(
ti. A ro*toucih tie r(, at ivt abundanc.v: d If f

tjý;i <'p of ions with hudrocen atom

V o< ;Li c . rtjn I.n- Iit mite ioa

r o~rnvrrt c dt a ni tte hja Ls or formation of the ions, some
L, 1 

1-0nv cOrrn about becaus of the study of this compound.
n., j r, work. no riq ik 1w logpnat edq ccnpounds, have assumed tha%

~V~OAIflA hI ~on~r from th.ý parent ion involves an ion-pair
mu in-j0r iionic ga, phase process. Fo.- exampl)e, Hiainwin and

A:rj-s~ theA fol~wn reactidjr r~~~O rnvLL(.Ue

+

I~~~~~c.~Jiý Ic b riiq c.lr: reation

I. of un th Ic uctd .:Ct(:J; 6 of rh noutrl ohlorie. atom, Tabe heat of,

:u:mti difrcsmir by cpalculatedI o7 be16kal mole AsmaropriniThe

ar tý_An valih hdity of formatin on-pi rrr. th .majr oj 1 rcŽ~e Ocurn upo fAco impct. ion

:;u k!n cor.ý.rison A tho fcor the in reaction rodcn : uta aoe
j~.>lv o tde fti onnu~uigteHwetPcadsse

rmcs s ditffoer. buy tpo timetlow 67latiltmole th imla compoudi arso ibo
.;yiabr! to obtin soras doubt ruin t Bhevalido hetoiity 'fv-tnion-pairapro-

the~~~~~~~~~~~~ raoioi rc!Ln cung uo lcrnipc.ln



",Q rinnler req4uir,, 1c

n-o nti I to bn sturit~ edI oor mazý: spectromvter with tho jineril

"'h.; introduction of this sub~stonce into the mass spottrometer by means
itb "high temperature" ionization source sample boAt created u•vch diffl-

,ulty. it appoared to possess sufficient vapor pre~sure to disttil out of
m•, •,tFe cell while sealed inside the flight tube of the mass speatro-
w--e., thereby preventing the diffution pump from attaining a sufficiently
.!;,N, vacuun required for the proper operation of the mass spectrometer*.
TWý'u....1dernblo aluounts of hydrolyzed material had to be removed from the
bv,!,L1e of thd, spestr~umeter flight tube after these attempted experiments.

furthf;r attemp~s were made to obtain a mass spectrum nf thie mccmound.

Ote ~n d rijud*vS 1

The mass spectr3 of chlo-Odiphenyl phusphtne, chlcrvmuth,-phosphon~c
,lchluride, ben~enephosptharus o:ychlor ide end benzenephosphoru, diohlar;de

nil ex'i)bted large quantities of iwpuritlee suoh P- PCI 3 and PGVC3 ,
Attempts to design gas chr Lmtogrsthic technioeps to permit the purtlfl-t-
oin of these mrLer•als did not yield satisfactory results, An exaple of'

the pioblem encountered is illustratud in Table 5. The 3ample of chioro-
methylphosohnnic dichlorlde contaln,,d large amounts of PCrI 3 and VC'ID
which could not be separated rc. the desired coo% und. As a resu''. I
fh.,rtht- data hns been taken on these systems at the present time.

70 ev positive ion maui spectra have been obtained !or 0-ethyl-
NN-dlmethylphosphoreatdocyenidate (Tebun, GA) and dhloromethylphosetonir.
dichloride. An attempt has been mode to purify other simple phosphorus
r;P pounls for mass spectrometric analyses.

C-agentt received for study have been properly transferred end now
&wait detailed Inve:tigations.

Energeticz studies by tithor appearance potentia'Zs or clestograms have

boon made for the potitive ton-$ from 00,0-triethyl ,ehosphorothion4te and
mothylthlephosphonic dlohlowiae,

W• . W.arren•t~, a.~ 810 (19M).

(2) F. P. Lousing , A. W. Tickner, and W. A, Bryce, J, . W. •.j.

1254 1951)



V. V.'.ie and E. J. -algG 'm Jq - 947 TOZJ.

': H!almaonn and Y. Kloin, 2.QLP MA~. 4324.

)Y. Wad agtre j , Kansas State Univesrsity, 1964.

N6 D'. A. Bafue, J . Galloegs and H. W. Kiser, J., han, 938, Mt
26-,14 (l966).
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"1. Prelimt1.a-y Electron lwp'c~t Data for the Po3itively-Mhrged Tons
from 0,0)(-Triet'yi PiLf horothionate.

Relat ive Appearance
"" ... n•j_ Abund ance P.tential (ev)*

"C it+ 27 56.4 19.0
23

r) .. 'H) 29 100.6 17.15

cc, 45 37.2 15.2

P O)65 64.0 151.2

j 0P(O) 2 + 26.1 15.7

P(OH)(OC25)+ 93 45.3 13.0

97 56.4 15.3

,(OH) (0C + 109 30.2

.•!¢p 2).- •+ 121 59.3 11 .4

; +
198 17.7 7.5

De) [eterintned by the energy compensation technique (3).

15



1nc7<;1 t Iv'y-h ~~':dt ric per les Fotjnd In the M~assr.Pcct-trnn of -!:t?)'v) -1',- iTt'ý/ D'o pir m d c a l a e

A I at SVC, Rolattiv

c:25 .3 92 P(O)N(CI. 3 (0) 2.0

91 P(0H)N(CH 3 ) 2+ 1.8
2 2.2 196 P(H)2N(CH 3)(c 4.8

24.5 +. 93 107 P(OH)94CH3  + .8
p- .0 10+()O)~H) .

10. of'- P(O)(O)NCHxa),, 4  .4,
857 133 P02)(CH )Nt 2  14.8

+14.5 134 PO(H)(a4)N(ct%) 2,+ 5.1
41 ,l12.0 135 P(OH12,t +C 3.3
C o)j4.3 136 P(OH) 2 (1O)N(01 3 ) + 2.3

'2V.1) 1472 C2 ,3yPO (C)(l 94 ; 1

1621 (1. 6iOOC)~v)+ 9.

16



-L,; 3. Ccmiparison cf t~e 2 '-rep~ctra~ of TrIethyl Phosplate. (6) with
0 ,0ýO-Triethyl Phosphorothie-mp,na

op(0~ti 5 ,, ~SP (OC 5)3
ati-ve *14tive

Tu-Abundan,ýf, ,,oj

2 9 C11+ 275.0I 27 C H4  56.4

4'15 45.4 29 C 2H4 100.0

a ll ai0"(0 1)2 + 78.3 45 C 2%)0 37.2

02 P(OW ) 47.0 47 P0+ 16.3

P 3 Mp(0i1) + 14.4 65 HPO(OH)4  64,0

99 P(H 10013 O(OH) + 26.742

44 + . i

16 (o)(CH 5 ) 495.7 115 P(OH)(4)CN 32.6
127ý P(Of)(C 2i) "4012 P(C1) 4  3

I3 11.4 13 SP(H 6.4
(4 , 1;. 41 t 1 1011 "Ol I

i. 25 iPO~p~l 2C (O)(C2)97 1 POH32.

4' +

127 Po(ofl)3)(OC H2  67.1 170 sP(oC2)( 2  179.4

132 ro (COc2% 3  26.0 198 PS(0C 2 S)3  47.7

5'212

+ ~ ~~ i '- 4 14



.!I) , -ir, Lt-,,-ron Tpac÷ Da.,ta for Positive and Negative Ions
S> frcur-, Melthylthiophc sphonic Dichloride.8

.Appearance
•? I ea t 1v,, Potential /~{in

on rb Ahnnc .. Probnble pkrcesz IJvkC1LUmo122

15 13.7 16.924+0.20 3 PSCI 2  CHI + +PS + C12  267

SiJ) 15,6

43 8.(,

44 16.2

45 47.5 lb.49-..18 -CH + +1i + C 2  235

pU.+ 46 6.36.3

63 32.5 15.4W_0.32 3ps++K + 2 f I

• C166 5b.5.PCI +6 .

Cli HPS 77 34.5 13.83±0.29 - c½PS4 + HCl + Cl 221
2

+
GCH3PC+ 81 4.2

""9B 4.3

++
:,l ,L .+ 1(4 6.4

CqPSCI+ 113 00O.0 11.87±0.28 *CH 3 P5p1. + M54
+PCI+ 133 10.5 12.57±+0.28 'M' ý + CH3 167

+
C~l y ~ 34~1 ~ ~t)¶:jt~.314

CI, 35 100.0 1
41~

(a) An estimated H I[CH 3PSC12 (g)- -91 kcal mole has bonw einployed in
these calculatitns.

L (b) These values are related to each other but not to the othesr in this
Colu8m.

18
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Pr'mclpl i"-~ Ionic. Species Found in the As
$ctr:?- c4 ~ ~Dichlorlde.

Relative
1 -C -A bundpnc g (7 03 w

12 C 6.2

13 CI 10.4

31 P4+ ?9.A

35 Cl

4 PC+ 7.6

44 PCH 1
45 PH+ 11.4

66 PM+ 45.6

012 1111 6.

83 fOHCL 25.0

11 P 2+ 46.2

11 OI2+ 79.2

13 COI2+ 11.6

131 H2CPOCI2  3.

136 PCI3+10.

166 Clt'2OPOCI '+ L%0.6
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